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A new particle at around 125 GeV has been observed at the LHC, which we show could be identiﬁed
with the techni-dilaton (TD) predicted in the walking technicolor and thus should be an evidence
of walking technicolor. The TD is a pseudo Nambu–Goldstone boson for the approximate scale
symmetry spontaneously broken by techni-fermion condensation, with its lightness being ensured by the
approximate scale invariance of the walking technicolor. We test the goodness-of-ﬁt of the TD signatures
using the presently available LHC data set, and show that the 125 GeV TD is actually favored by the
current data to explain the reported signal strengths in the global ﬁt as well as in each channel including
the coupling properties, most notably the somewhat large diphoton event rate.
© 2013 Elsevier B.V. Open access under CC BY license.1. Introduction
On July 4, the ATLAS and CMS groups [1] have reported ob-
servation of a new boson at around 125 GeV in search for the
decay channels such as γ γ , WW ∗ and Z Z∗ . Though the statistical
uncertainty is still large, the current data on the diphoton event
rate [2,3] exhibit the signal strength about two times larger than
that expected from the standard model (SM) Higgs boson, which
may imply the observation of a new boson beyond the SM.
One such a possibility is the techni-dilaton (TD), a compos-
ite scalar boson, predicted in the walking technicolor (WTC) [4,5]
with an approximately scale-invariant (conformal) gauge dynamics
and a large anomalous dimension γm = 1 (the WTC was subse-
quently studied without notion of anomalous dimension and scale
invariance/TD [6]). The TD is a pseudo Nambu–Goldstone boson for
the spontaneous breaking of the approximate scale symmetry trig-
gered by techni-fermion condensation and hence its lightness, say
125 GeV, would be protected by the approximate scale symmetry
inherent to the WTC. Thus the discovery of TD would imply the
discovery of the WTC.
In Refs. [7–9] we studied the LHC signatures of the TD. Par-
ticularly in Ref. [9] we have shown that the 125 GeV TD can be
consistent with the currently reported diphoton signal as well as
other signals such as WW ∗ and Z Z∗ , etc.
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Open access under CC BY license.In this Letter,1 we extend the previously reported analysis [9]
on the 125 GeV TD by testing the goodness-of-ﬁt of the TD sig-
natures, based on the presently available LHC data set [2,3]. We
show that the 125 GeV TD is actually favored (slightly better than
the SM Higgs) by testing the goodness-of-ﬁt of the current data:
The large diphoton event rate is achieved due to the presence of
extra techni-fermion loop contributions, a salient feature of the
techni-dilaton noted in the previous papers [7–9]. It is also shown
that, lacking such extra fermion contributions, a similar dilaton
model [12] and a typical radion model [13] analyzed recently for
LHC [14,15] tend to be disfavored by the data, mainly due to
the suppressed diphoton rate, in accord with other similar anal-
yses [16].
2. TD couplings
The TD couplings to techni-fermions and the SM particles have
been discussed in detail in Ref. [9], which are completely ﬁxed
by Ward–Takahashi identities for the dilatation current coupled to
1 Throughout this Letter as well as the previous ones [7–9], our calculation is
based on the (improved) ladder Schwinger–Dyson (SD) equation, which in fact ex-
plicitly shows the chiral phase transition so-called “conformal phase transition” [10]
where the composite scalar does become massless when approaching the critical
point from the broken phase, though not from the unbroken phase (conformal win-
dow). The ladder-like calculation can only evaluate a combination (i.e., a product)
of the mass Mφ and the decay constant Fφ of TD through the Partially Conserved
Dilatation Current (PCDC) relation, Eqs. (6), (7), and hence such a massless TD limit
in the conformal phase transition is realized only when Fφ/mF diverges (TD gets
decoupled) [11]. Although there is non-decoupled massless limit in the ladder cal-
culations, we may adjust the TD mass as low as 125 GeV freely to predict the decay
constant or the TD coupling by using this ladder-estimated PCDC, the same strategy
as done before [7–9].
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grangian invariant under the scale symmetry [9]:
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where χ = eφ/Fφ with the TD ﬁeld φ and decay constant Fφ ,
and U = e2iπ/Fπ with the techni-pion ﬁelds π and decay con-
stant Fπ related to the electroweak (EW) scale vEW  246 GeV by
Fπ = vEW/√ND , in which ND denotes the number of EW dou-
blets formed by the techni-fermions. The SM gauge covariant DμU
term includes the weak gauge boson masses in the usual manner.
A spurion ﬁeld S has been introduced so as to compensate the
scale invariance explicitly broken by the techni-fermion condensa-
tion itself, where S is set to 1 after all calculations as in the case
of other spurion methods.
The TD Yukawa coupling to the SM f -fermion arises from the
second line of Eq. (1) as [5],
− (3− γm)m f
Fφ
φ f¯ f , (2)
along with scale dimension of techni-fermion bilinear operator
(3 − γm), where the anomalous dimension is γm  1 in WTC,
which is crucial to obtain the realistic mass of the SM fermions
of the ﬁrst and the second generations without suffering from the
FCNC (ﬂavor-changing neutral current) problems.2 However it was
known for long time that it is not enough for the mass of the
third-generation SM f -fermions like t,b, τ : A simplest resolution
would be the strong ETC model [23] having much larger anoma-
lous dimension 1 < γm < 2 due to the strong effective four-fermion
coupling from the ETC dynamics in addition to the walking gauge
coupling. As was prescribed in Note added of Ref. [9], here we take
γm  2, i.e., (3− γm)  1, as in the strong ETC model [23] for the
third-generation SM f -fermions like t,b, τ which are relevant to
the current LHC data.
From the Lagrangian (1) one thus easily sees that the TD cou-
plings to W and Z bosons and fermions are related to those of the
SM Higgs by a simple scaling:
gφWW /Z Z
ghSMWW /Z Z
= vEW
Fφ
,
gφ f f
ghSM f f
= vEW
Fφ
, for f = t,b, τ . (3)
In addition to the above scaling, the couplings to gluon and
photon (G2μν and F
2
μν terms in Eq. (1)) involve the beta functions,
βF (gs) and βF (e), induced from F -techni-fermion loops [7]. This is
the most crucial point [9] that distinguishes the TD from other
similar models of dilaton/radion [12,13]. Here we shall employ
the one-family model (1FM) with ND = 4 as a WTC setting (see
2 Other issues such as S and T parameters may be improved in the WTC [17,18],
which has been implied also in holographic analyses where S < 0.1, say, can easily
be arranged [19,20]. See also Note added. Even if WTC in isolation cannot overcome
this problem, the combined dynamical system including the SM fermion mass gen-
eration such as the extended TC (ETC) dynamics [21] may resolve the problem, in
much the same way as the solution (“ideal fermion delocalization”) [22] in the Hig-
gsless models which simultaneously adjust the S and T parameters by incorporating
the SM fermion mass proﬁle.the later discussions) for the SU(NTC) gauge group.3 Noting that
the scale anomaly-related vertices φ–γ (g)–γ (g) are dominated by
the infrared region of the loop integral, one can see that the beta
functions βF (gs) and βF (e) actually coincide with those evaluated
perturbatively at the one-loop level, similarly to the axial anomaly
which is exactly saturated by the one loop4:
βF (gs) = g
3
s
(4π)2
4
3
NTC,
βF (e) = e
3
(4π)2
16
9
NTC. (4)
We thus ﬁnd the scaling from the SM Higgs for the couplings to gg
and γ γ , which can approximately be expressed at around 125 GeV
as
gφgg
ghSMgg
 vEW
Fφ
· ((3− γm) + 2NTC),
gφγ γ
ghSMγ γ
 vEW
Fφ
·
(
63− 16(3− γm)
47
− 32
47
NTC
)
, (5)
where in estimating the SM contributions we have incorporated
only the top and W boson loop contributions. Note that since we
used γm = 2 for the top quark Yukawa coupling as noted before
(as well as Note added of Ref. [9]), Eq. (5) is slightly different from
Eq. (51) of [9] (which used γm = 1) for the numerical analysis in
the present work. The full expressions for these couplings are pre-
sented in Appendix A of Ref. [9].
As seen from Eqs. (3) and (5), once the ratio vEW/Fφ is ﬁxed,
the TD LHC phenomenological study can be made just by quoting
the SM Higgs coupling properties. The TD decay constant Fφ can
actually be related to the TD mass Mφ through the PCDC – which
is analogous to the PCAC (partially conserved axial vector current)
relation for the QCD pion – involving the vacuum energy density
Evac:
F 2φM
2
φ = −16Evac. (6)
The vacuum energy density Evac is saturated by the techni-gluon
condensation induced from the techni-fermion condensation, so is
generically expressed as
Evac = −κV
(
NTCNTF
8π2
)
m4F , (7)
where mF denotes the dynamical techni-fermion mass and NTF =
2ND+NEW-singlet including the number of dummy techni-fermions,
3 Most of the variants of the WTC have a tendency similar to the one stud-
ied here, except for the models without colored weak-doublets such as the “one-
doublet model” (with additional singlet techni-fermions), which was shown to be
invisible at LHC [7–9]. A variant of the one-doublet model, “Minimal Walking Tech-
nicolor” [24], a simple WTC to minimize the S parameter based on the higher TC
representation instead of the fundamental one, will also have a light TD, what they
called “composite Higgs”. Such a “composite Higgs” would have a quite different
LHC phenomenology from that given here, if the decay constant of the “composite
Higgs” is the same as Fπ = vEW as assumed in the literature [24], in contrast to
our estimate of Fφ in Eq. (11) (with ND = 1) (see also Note added in the end of this
Letter).
4 As was discussed in Ref. [9], in the ladder approximation, the ultraviolet region
of the relevant loop integral I for the φ–γ (g)–γ (g) vertex is highly suppressed as
I ∼ ∫ d4p Σ(p2)2
p4
∼ ∫ d4p p2γm−8, where Σ(p2) denotes the nonperturbative mass
function. Hence it is dominated by the infrared region in which the TD-techni-
fermion–techni-fermion vertex χφF F (p) as well as the mass function Σ(p) are
almost constant to be ∼mF /Fφ and mF , respectively. This results in the beta func-
tion βF (e/gs) in the φ–γ (g)–γ (g) vertex, which coincides with that calculated at
one-loop level of the perturbation with constant mass of the techni-fermion (which
was generated nonperturbatively).
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eﬃcient κV is determined once a straightforward nonperturbative
calculation is made. The dynamical techni-fermion mass mF can,
on the other hand, be related to the techni-pion decay constant
Fπ :
F 2π = κ2F
NTC
4π2
m2F , (8)
with the overall coeﬃcient κF and the property of NTC scaling
taken into account.
The values of κV and κF may be quoted from the latest re-
sult [11] on a ladder Schwinger–Dyson analysis for a modern ver-
sion of WTC [10,25,26]:
κV  0.7, κF  1.4, (9)
where κF has been estimated based on the Pagels–Stokar for-
mula [27]. In that case NTF is ﬁxed by the criticality condition for
the walking regime as [26]
NTF
4NTC
 1. (10)
The estimated values in Eqs. (9) and (10) are based on ladder
approximation which are subject to certain uncertainties up to
30% observed for the critical coupling and hadron spectrum in
QCD [28]. We may include this 30% uncertainty in estimation
of each independent factor κV , κ2F and the criticality condition
NTF/(4NTC). Putting these all together, we thus estimate vEW/Fφ
as
vEW
Fφ
 (0.1–0.3) ×
(
ND
4
)(
Mφ
125 GeV
)
, (11)
and mF  (320–420) GeV√3/NTC for the 1FM with Fπ  123 GeV.
From Eqs. (3) and (11) we see that the TD couplings to WW , Z Z
and f f¯ are substantially smaller than those of the SM Higgs. On the
other hand, the TD couplings to gg and γ γ in Eq. (5) have extra factors
(1 + 2NTC) and (1 − 32NTC/47) coming from techni-fermions as well
as the W and top quarks carrying the QCD color and electromagnetic
charges. The gluon fusion (GF) production at the LHC thus be-
comes larger than the SM Higgs case due to this extra factor, while
other productions such as vector boson fusion (VBF) and vector bo-
son associate (VBA) productions are signiﬁcantly suppressed. Note
also that the coupling to γ γ becomes enhanced when NTC  4
where the total fermionic loop contributions get large enough to
overcome the destructive W -loop contributions as well as to com-
pensate the overall suppression by vEW/Fφ .
3. TD signal at LHC
As done in Refs. [8,9], we can calculate the TD production cross
sections and decay widths including loop contributions from the
SM particles, by quoting the corresponding formulas for the SM
Higgs [29]. (The explicit expressions of the formulas for TD are
given in Ref. [9].) Here we focus on the GF and VBF productions for
decay channels to WW ∗ , Z Z∗ , τ+τ− and γ γ , and VBA production
for bb¯ channel, to which the ATLAS and CMS experiments have so
far reported the signiﬁcant data in search for the SM Higgs [2,3].
The signal strength μ ≡ σ/σSM for bb¯ channel at √s = 7,8 TeV
is thus evaluated as
μbb¯ =
σ
φ
VBA(s)
σ
hSM
VBA (s)
BR(φ → bb¯)
BR(hSM → bb¯)
= σWφ(s) + σZφ(s)
σ (s) + σ (s)
BR(φ → bb¯)
¯ . (12)WhSM ZhSM BR(hSM → bb)Fig. 1. The plot of χ2 as a function of vEW/Fφ in the case of the 1FM with NTC =
4 (black dashed curve) and NTC = 5 (black solid curve). Comparison with the EW
pseudo-dilaton [12] (blue dotted curve) and RS radion [15] (green dotted curve)
is also shown, along with the SM Higgs case (red dotted line). Here χ2min/d.o.f. =
12/13(10/13)  0.9(0.7) for the TD with NTC = 4(5), χ2min/d.o.f. = 37/13  2.8 for
the EW pseudo-dilaton and χ2min/d.o.f.= 30/13 2.3 for the RS radion.
For X = WW ∗ , Z Z∗ and τ+τ− channels we take the signal
strengths to be inclusive:
μX = σ
φ
GF(s) + σφVBF(s)
σ
hSM
GF (s) + σ hSMVBF (s)
BR(φ → X)
BR(hSM → X) . (13)
On the other hand, γ γ + 0 j and γ γ + 2 j channels are treated to
be exclusive by distinguishing the TD production processes:
μγγ 0 j = σ
φ
GF(s)
σ
hSM
GF (s)
BR(φ → X)
BR(hSM → X) ,
μγγ 2 j = ξGF · σ
φ
GF(s) + ξVBF · σφVBF(s)
ξGF · σ hSMGF (s) + ξVBF · σ hSMVBF (s)
BR(φ → γ γ )
BR(hSM → γ γ ) , (14)
where the corresponding acceptances multiplied by dijet tag eﬃ-
ciencies ξGF and ξVBF are read off from Refs. [2,3]. We then com-
bine the 7 TeV and 8 TeV signal strengths with the luminosities
accumulated for each event category. It turns out that μγγ 0 j can
be enhanced by the factors both from the gg and γ γ couplings
(see Eq. (5)), which can compensate the smallness of (vEW/Fφ) in
Eq. (11) for a moderately large NTC [9].
This feature is in sharp contrast to other similar dilaton models
such as EW pseudo-dilaton [12] and Randall–Sundrum (RS) radion [13],
where extra contributions beyond the SM such as techni-fermions
are absent so that their diphoton rates are not enhanced, to be dis-
favored by the current diphoton data, in accord with other similar
analyses in Ref. [16], as will be shown more explicitly below.
We shall test the goodness-of-ﬁt of the TD, based on the χ2
function:
χ2 =
∑
i∈events
(
μi − μexpi
σi
)2
, (15)
where μexpi denote the best-ﬁt strengths for each channel reported
in Refs. [2,3] and σi the corresponding one sigma errors. Taking
(vEW/Fφ) as a free parameter so as to satisfy the theoretically ex-
pected range in Eq. (11), in Fig. 1 we plot the χ2 function for the
125 GeV TD in the 1FM with NTC = 4,5. The best-ﬁt values are as
follows:
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4 0.22 12/13 0.9
5 0.17 10/13 0.7
(16)
which are compared with the SM Higgs case, χ2min|SM  14/14 =
1.0, implying that the TD is more favorable than the SM Higgs
(μi = 1). This nice goodness of ﬁt is due to the signiﬁcant en-
hancement in the diphoton channel coming from the sector be-
yond the SM (techni-fermions), as was also noted in Ref. [30]:
The techni-fermion loop contributions as in Eq. (5) become large
enough to compensate the smallness of the overall (vEW/Fφ) in
Eq. (11).
In Fig. 1 also has been shown a comparison with other sim-
ilar models, EW pseudo-dilaton [12] and RS radion [13]. These
dilaton/radion scenarios are actually disfavored mainly due to the
absence of enhancement of diphoton rate, in sharp contrast to the
TD.5 This result is in accord with other similar analyses in Ref. [16]
for the EW pseudo-dilaton and in Ref. [32] for the RS radion per-
formed in light of the 125 GeV LHC events. although we have not
included the Tevatron results on the b¯b channel.6
Finally, in Fig. 2 we explicitly compare the best-ﬁt signal
strengths of TD with those estimated by the ATLAS and CMS analy-
ses for each channel. Note ﬁrst that the most precise measurement
has currently been done in the diphoton channel with 0 jet (γ γ 0 j)
which exhibits about 2 times larger signal strengths than the SM
Higgs prediction (μγγ 0 j = 1.9 ± 0.5 for ATLAS 7 TeV + 8 TeV and
μγγ 0 j = 1.7±0.5 for CMS 7 TeV+8 TeV [2,3]). The χ2 ﬁt is there-
fore fairly sensitive to the γ γ 0 j category, and hence currently
the TD can be more favorable than the SM Higgs due to the en-
hancement of the diphoton rate which happens when NTC  4. On
the other hand, the TD signal strength in the diphoton plus dijet
channel (γ γ 2 j) tends to be smaller than the SM Higgs predic-
5 A variant of the RS radion such as the one discussed in Ref. [31] could actually
be as favorable as the TD because of an accidental enhancement of the diphoton
event rate induced solely from a choice of the SM sector contributions.
6 Even including the Tevatron results for bb¯, WW ∗ and γ γ channels, the
goodness-of-ﬁt of TD does not substantially change so much (χ2min/d.o.f.= 19/16 
1.2 compared with the SM Higgs case, χ2min/d.o.f.= 18/17  1.1).tion, simply because of the suppression of the overall TD coupling
compared to the SM Higgs (vEW/Fφ) in Eq. (11). Similar suppres-
sions are also seen in other exclusive channels like 2l2ν + 2 j and
τ+τ− + 2 j as well as bb¯ originated from the VBA and VBF pro-
ductions. Thus more precise measurements in such other exclusive
events would draw a more deﬁnite conclusion that the TD is fa-
vored or not.
4. Summary
In summary, we have tested the goodness-of-ﬁt of the 125 GeV
TD signatures, using the presently available LHC data set by fo-
cusing on the decay channels to bb¯, WW ∗ , Z Z∗ , τ+τ− and γ γ .
We found that the 125 GeV TD is actually favored by the current
data to explain the reported signal strengths including the coupling
properties involving somewhat large diphoton event rate.
The issue to be studied in the future is a reliable nonperturba-
tive estimate of the TD mass: There has been only a crude estimate
based on the ladder approximation (see references cited in e.g.,
Ref. [9]). The holographic method [20,33,34] may give some hint
and the lattice simulations eventually give us the deﬁnite answer.
Note added
After submitting this Letter, we further posted a paper [34] (referred to in the
original version as “in preparation”) to show that there exists an exactly massless
limit of TD in a holographic model which is a deformation of the model success-
ful for the ordinary QCD with γm  0 to the walking case with γm = 1. Hence the
light TD with 125 GeV is naturally realized. In contrast to the ladder approxima-
tion employed as in the present Letter, the holographic model in Ref. [34] fully
incorporates the techni-gluonic dynamical contributions parametrized by the holo-
graphic parameter G corresponding to the techni-gluon condensate, which makes
the massless limit be realized at G → ∞. The light TD mass  125 GeV is actu-
ally realized by a large gluonic contribution G  10, which is compared with the
real-life QCD case with G  0.25 [20,34]. In such a light TD case the TD decay con-
stant Fφ turns out to be free from the holographic parameters, Fφ/Fπ  √2NTF,
which implies vEW/Fφ  0.2–0.4 including a typical size of 1/NTC corrections [34].
This coincides with the ladder estimate in Eq. (11). This may imply that in spite of
the qualitative difference in the sense that the holography has a massless TD limit
while the ladder does not, both models are reﬂecting some reality through simi-
lar dynamical effects for the particular mass region of the 125 GeV TD. Note also
that this holographic model naturally has a small S parameter, say S < 0.1, for the
one-family model.
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